This paper deals with analysis and reduction of dc voltage fluctuations in a single-phase active filter caused by a sudden load change. The analysis reveals that the delay time of the harmonic detection causes dc voltage fluctuations in transient states. A new control method capable of reducing the dc voltage fluctuations is proposed based on the analysis. The dc capacitor can be reduced to the required capacitance to satisfy the ripple current in steady states. Experimental results are shown to verify the viability of the analysis and the proposed control method.
This paper deals with analysis and reduction of dc voltage fluctuations in a single-phase active filter caused by a sudden load change. The analysis reveals that the delay time of the harmonic detection causes dc voltage fluctuations in transient states. A new control method capable of reducing the dc voltage fluctuations is proposed based on the analysis. The dc capacitor can be reduced to the required capacitance to satisfy the ripple current in steady states. Experimental results are shown to verify the viability of the analysis and the proposed method. Fig. 1 shows a system configuration of a single-phase active filter used in the following experiments. The main circuit of the singlephase active filter is a single-phase H-bridge voltage-fed converter using four IGBTs. The single-phase active filter is connected to the utility grid through an ac inductor L C , and it is equipped with a dc capacitor C dc = 330 µF. The dc capacitor was designed to have the minimum capacitance based on the ripple current flowing into it in a steady state. A 2-kW single-phase diode rectifier was used as a harmonic-producing load. A switch SW is used to produce a sudden load change.
The active filter detects harmonic components from the load current i L , and injects a compensation current i C in order to suppress the supply harmonic current. In generally, a harmonic detection circuit calculates the amplitude of the fundamental component included in i L , and subtracts it from i L to extract the harmonic components. The calculation of the fundamental component needs one or half cycle of the utility voltage if the amplitude of the load fundamental current is changed in a transient state. Therefore, the compensation voltage includes an amount of a fundamental component in the transient state, and a voltage fluctuation appears in the dc voltage because an unwanted power flows into or is released from the active filter. The proposed control method compensates the unwanted power to reduce the fluctuation in the dc voltage. Fig. 2 shows experimental waveforms under a sadden load change in case of a conventional control method. The active filter injected the compensating current i C to the supply, and thus, the supply current i S has a sinusoidal wave shape. However, the dc voltage of the active filter decreased by 75 V after turn on of the load, and the active filter was stopped after the load turn off due to overvoltage protection in the dc voltage. Fig. 3 shows experimental waveforms when in case of the proposed control method. The proposed method makes it possible to reduce the voltage fluctuation to 30 V even when the dc capacitor was designed as small as possible. Fig. 3 . Harmonic detection based on a moving average method Fig. 4 i
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